NTDs. [2, 3, 6] Where two members of a sibship are affected, the RR for subsequent siblings has been shown to be 2 -3 times as high as that after one affected child. [7, 8] No data were available for RRs in SA families with one or more children with an NTD. Such data are required if appropriate risks are to be given in genetic counselling clinics in SA.
Gender
Multifactorial conditions often show deviations in sex ratios from those of the general population. Most studies have recorded an excess of female births with NTDs, with this finding being more pronounced when anencephalic births were analysed separately. [9, 10] Analysis of spina bifida according to the site of lesion showed that lesions occurring in the thoracic region demonstrated a female excess, while those occurring in the lower lumbar and sacral regions were seen more frequently in males. [11] 
Parental age
Studies of the effects of maternal age on the occurrence of NTDs have yielded conflicting results. Some studies have shown no maternal age effects, [2, 13] some have demonstrated an increased risk in very young mothers and in older mothers, [9] while others suggest that only older mothers have an increased susceptibility. [6] Two large studies failed to identify any paternal age effects on the incidence of NTDs. [6, 14] 
Spontaneous abortions
A number of studies have documented an increased occurrence of spontaneous abortions in pregnancies of women who have NTDaffected infants. [15] [16] [17] The widely accepted explanation for this finding is that many of these spontaneous abortions occur because the fetus is affected by an NTD or other congenital abnormality. It is believed that about half of pregnancies complicated by NTDs will end in spontaneous abortion. [18] 
Maternal parity
The effect of maternal parity on the occurrence of NTDs is also unclear. Some studies have shown no significant parity effects, [2, 13] while others have demonstrated a higher occurrence in first-born children. [12, 14] Buccimazza et al. [9] reported an increased incidence at both extremes of birth order.
NTDs and other malformations
Estimates of the frequencies of isolated (non-syndromic) congenital malformations in individuals with NTDs vary from around 6% to 40% depending on the methods of assessment and the abnormalities included. [19, 20] The malformations most commonly observed were renal and cardiovascular defects, but there was significant variation in anomalies reported by different studies. [19, 21, 22] Earlier studies of siblings of individuals with NTDs failed to demonstrate an increased risk of other malformations; [2, 12, 23] however, more recent studies have found significant increases in the occurrence of apparently unassociated congenital abnormalities in siblings, with a variety of malformations being recorded, particularly in siblings of NTD patients with high spina bifida lesions. [19, 24] 
Objectives
To investigate (i) the RRs of NTDs; (ii) the sex ratios of affected individuals; (iii) several environmental, genetic and clinical factors including parental age, parity, history of spontaneous abortion; and (iv) the abnormalities associated with NTDs. The collection of such data and its application to the counselling and care of families of patients with NTDs would allow more accurate prediction of RRs and evidence-based prevention strategies.
Methods
This was a retrospective study of data gathered from the files of patients with a family history of NTDs, counselled by medical geneticists and/ or genetic counsellors at Genetic Counselling Clinics at Chris Hani Baragwanath Academic and Johannesburg hospitals for a 28-year period from 1969 to 1997. Patients with spina bifida occulta or with NTDs which were known to be part of specific genetic syndromes (such as trisomies 13 and 18) were not included in the analysis, as these are considered to be distinct groups with different aetiological factors.
Subjects and patients
Subjects were identified from the patient records in the Genetic Counselling Clinics at the Division of Human Genetics, University of the Witwatersrand and the National Health Laboratory Service. All patients with diagnoses of NTD, spina bifida, meningomyelocoele, meningocoele, anencephaly or encephalocoele, in themselves or in a family member, together with those who had such a diagnosis in a fetus, were included in this study. Altogether 690 files were identified and, of these, 640 were located and reviewed. Controls for this study were taken from general population statistics where possible. [25] Comparisons were also made with data available for patients seen at the same Genetic Counselling Clinics for unrelated disorders, in this case cystic fibrosis (n=64) and albinism (n=70). Control data on maternal parity were extracted from a study of twins in a similar population by Hain. [26] 
Data collection
A checklist was compiled to collect the following data: patient particulars, parental dates of birth, details of the pregnancy (including birth order, teratogen exposure, mode of delivery and outcomes of the pregnancy) where available, a detailed pedigree analysis, history, type of lesion and associated malformations in the affected child, and the occurrence of other abnormalities and pregnancy outcomes in parents of a child with an NTD.
The data were subjected to statistical analysis where necessary and differences between groups were considered significant when p<0.05. χ 2 analysis was used to determine whether significant differences existed between the experimental and control groups, and Poisson distributions were used to analyse some of the findings on subgroups of data where small numbers were involved.
Ethics approval was granted by the Committee for Research on Human Subjects (Medical) of the University of the Witwatersrand (protocol no. M970125). 
Results

Recurrence risks
RRs were calculated from the pedigree information documented in the files and included the results of amniocenteses performed on pregnancies following those affected by NTDs. The number of recurrences for each type of NTD was then compared with the total number of children born to the families to determine the empiric RR for siblings for that type of NTD.
Good family histories spanning at least two generations were available for 621/640 (97%) families. Twenty-three of these families had two children with NTDs and one family had three affected children (Table 1 ). There were two families in which pairs of half-siblings were affected. Affected individuals had 1 073 unaffected full siblings and 135 unaffected half-siblings. From these observations, an RR ± standard deviation (SD) of 2.28±0.9% was calculated for full siblings. After two affected children, the RR±SD increased to 4.16 ±8.1%. The RR±SD for half-siblings was 1.46±2%.
In the 98 black families with individuals with an NTD, there were two recurrences (both in half-siblings) out of 275 pregnancies, giving an RR±SD of 0.73±1%, not significantly different from the risk for the whole study group for the sample size available.
RRs were then calculated according to the sex of the proband, and no significant differences (p>0.05) were found after an affected male or an affected female for either spina bifida or anencephaly. Concordance for type of NTD in the recurrence was also examined and a concordance of 94.7% (18/19 cases) was calculated for families in which the proband had spina bifida, and 75% (6/8 cases) for families with anencephaly.
Gender
The gender of the affected individual was available in 619 cases. There were 279 affected males and 340 affected females (male:female ratio (M:F) 0.82) with an excess of female births in both spina bifida and anencephaly (M:F 0.84 and 0.76, respectively). In patients where records of upper and lower spina bifida lesions were available (n=90), upper lesions (n=34) were present in an excess of females (M:F 0.7), while lower lesions (n=56) showed a male excess (M:F 1.15).
Parental age
Parental age at the birth of affected children was calculated from the dates of birth of parents as recorded in the files and were initially compared with data from the general population. [25] Average maternal age could not be calculated from the 1993 SA Census figures, [25] which only documented a range, and was estimated from the files of patients seen at the Genetic Counselling Clinics for cystic fibrosis, in the white population, and albinism, in the black population.
There was no significant difference between the average maternal age at the time of delivery of infants with an NTD (25.6 years; n=441) compared with mothers of infants with cystic fibrosis (n=42) and mothers of infants with albinism (n=70) (26.1 years for both). Black mothers of infants with NTDs yielded an average maternal age of 26.2 years, which, again, was not significantly different from mothers of children with albinism. There were also no significant differences between the maternal ages of mothers of infants with spina bifida or with anencephaly. The distributions of maternal ages of mothers with NTDs in comparison with mothers in the general population [25] showed similar distributions, with no significant differences between the areas under the two curves (p>0.05).
There was no significant difference between the paternal age distribution of fathers of infants with NTDs (n=399) compared with the general population. [25] 
Spontaneous abortions
Spontaneous abortions and stillbirths for each nuclear family of an individual with an NTD were recorded. Those known to be due to an NTD, which had already been included in the calculation of the RR for NTDs, were not included in the analysis because it is known that NTD pregnancies are often not carried to term and therefore a significant difference would be expected for this reason alone. The number of miscarriages per couple was compared with that found in the controls (couples with a child with albinism (n=67) or cystic fibrosis (n=64)), counselled at the Genetic Counselling Clinics. Neither condition is believed to increase the risk of spontaneous abortion, therefore providing suitable controls for this part of the study.
Complete information was available from the files of 550 of the families with affected children with NTDs. There was a significantly increased occurrence of spontaneous abortions in families of individuals affected by NTDs (25.1% of families) compared with the control group (16.%) (odds ratio 0.64; 95% confidence interval 0.39 -1.05). The risk of multiple pregnancy losses (≥3) was 3.3% in the NTD families and 2.2% in the control families (Table 2) .
Maternal parity
Maternal parity and the birth order of affected children were obtained from the files of 555 families with a member with an NTD. Comparison of these findings to parity of mothers (n=2 249) sampled randomly from the general population [26] showed that significantly more NTDs occurred in the first pregnancy than in (Table 3) .
NTDs and other malformations
The occurrence of other non-syndromic malformations not thought to be related to the defect in individuals with NTDs was determined. In addition, an analysis was made of the postulated rate of malformations in siblings of affected individuals. These findings were compared with the occurrence of congenital malformations in the general population as estimated by Harper. [27] Altogether, 56/504 (11%) of the individuals with NTDs had other isolated abnormalities. The most common were facial clefts (1.2%), followed by limb malformations and polydactyly. Comparisons of these rates with those in the general population [27] showed that individuals with NTDs had a 3-fold increased risk of having another isolated congenital malformation over the background population risk.
For siblings of patients with NTDs, 4.9% had an additional malformation, which was equivalent to an approximately 1/20 (5%) risk of congenital malformation (other than NTDs). This risk is higher than the 2 -3% risk postulated for the general population. [27] Other factors A number of other factors were studied in relation to the occurrence of NTDs in this study. An analysis of exposure to potential teratogens showed that 1.5% (9/591) of the mothers, for whom this information was available, were on antiepileptic therapy at the time of conception, and 0.5% (3/591) of the women had taken traditional medications early in their pregnancies. Six women (1%) were diabetic patients on insulin, while 34 mothers (5.8%) of an affected infant reported a flu-like illness or high temperature early in pregnancy, a finding from which it was difficult to draw any conclusions, given the retrospective nature of the study. No significant correlations were demonstrated between the occurrence of NTDs and the season of conception, the occurrence of twins in the families, consanguinity in the families or social class.
Discussion
Recurrence risks
An RR of 2.28% (1/44) was calculated for the subsequent children of a couple who had one child with an NTD. As expected from the incidence of NTDs in the Gauteng population, which is at the lower end of occurrences of NTDs worldwide, [1] the RR also falls at the lower end of the range of risks reported in the literature. For the relatively small sample sizes available, RRs in couples from the black and the white ethnic groups were not significantly different. After giving birth to two affected siblings, the risk of a third affected child was estimated to be 4.16%, almost twice that after one affected child. This observation is probably explained by genetic influences on the aetiology of NTDs and/or repeated or persistent environmental exposures and teratogens. In this study, a small proportion of the mothers had diabetes or they were epileptics on therapy; however, a further study with a larger sample would be required to analyse the impact of various known teratogens on the NTDs in this population. Researchers have postulated that RRs may be underestimated by the fact that families with affected individuals may have fewer children either as a result of increased fetal loss of affected pregnancies or as a result of confounding psychosocial factors. [4] In agreement with other studies, [2, 14] we found no difference in the risk of recurrence if the proband was male or female. Further, significant concordance was found for the type of NTD in affected families, a finding which has relevance to genetic counselling for these disorders and has been reported by other authors. [28] Studies suggest that folic acid supplementation may affect not only the occurrence, but also the recurrence of NTDs. [29] At the time of the present study, before the introduction of widespread dietary fortification in our population, [5] the incidence of NTDs was higher and RRs were also probably higher. Anecdotal evidence suggests, [30] and further research is needed to confirm, that there has been an appreciable decrease in recurrence as well as in occurrence risks with the introduction of folic acid fortification in Gauteng.
Gender
Analysis of sex ratios in NTDs showed an excess of affected female births, as expected from the literature. [6, 9, 11, 13, 28] In addition, the correlation between the site of lesions and sex of the affected individuals was similar to that found in previous studies, with higher lesions occurring more often in females and lower lesions in males. [11, 28] Several theories have been postulated to explain these observations and include the suggestion that the process of neurulation may occur at slightly different times in the development of male and female embryos, thereby accounting for differing susceptibilities to the effects of factors such as teratogens. [11] Other explanations, such as the involvement of X chromosome inactivation and maternal imprinting in the aetiology of NTDs, have also been postulated. [31] The observation that neural tube closure occurs by a multisite process [32] may also be involved if, for example, different sites are more susceptible to failure of closure in the different sexes. [32] 
Parental age
Comparisons of maternal ages of women with offspring with NTDs showed no deviation from the distribution of maternal ages in the general population or from averages calculated from files of patients with disorders known to be unrelated to maternal age. This has been recorded in several other studies. [12, 13] Similarly, no paternal age effects could be demonstrated, a finding also documented in other studies. [6, 14] 
Spontaneous abortions
Mothers of individuals with NTDs had a significantly increased risk of spontaneous abortions as recorded previously. [15] [16] [17] The increase in spontaneous abortions, despite the exclusion of pregnancies known to be affected by NTDs from the analysis, may be explained by the occurrence of NTDs or other congenital abnormalities in fetuses in which anomalies were present but not recognised, [15] or may suggest that a history of miscarriage is an independent risk factor for NTDs.
Maternal parity
Significantly more NTDs occurred in firstborn offspring than in other offspring, General population [26] 495 (22) indicating that there may be a parity effect on the aetiology of NTDs. This observation has also been made by others. [12, 14] Since no maternal age effects were demonstrated in the study, the observation is unlikely to be directly due to age-related factors. A possible contributing factor is that first pregnancies may be more likely to be unplanned and may be associated with more risk of maternal teratogen exposure and the effects of inadequate diet and nutritional deficiencies. Alternatively, an unfavourable pregnancy outcome in the first pregnancy may deter couples from planning further pregnancies. Fifth and higher pregnancies also showed an increased occurrence of NTDs. Larger families are a feature of lower socioeconomic groups and the inadequate spacing of pregnancies is often complicated by factors such as poor nutrition and cumulative nutrient deficiencies. A similar U-shaped distribution for the occurrence of NTDs with parity was reported in a study performed in Cape Town. [9] NTDs and other malformations Individuals with NTDs were shown to have three times the postulated population risk of an unassociated congenital malformation (such as clefting), which is in keeping with other findings recorded in the literature. [13, 19] This may be due to the effects of teratogens or other factors on various areas of embryogenesis or to the occurrence of syndromic NTDs which were not diagnosed by the practitioner at the time the patient attended the genetic clinic. An example of such a condition is the autosomal recessively inherited Meckel syndrome in which NTDs, clefting and polydactyly may occur. [27] Anti-epileptic medication may also be associated with NTDs and clefting. [27] It was also shown that siblings of individuals with NTDs had a higher risk of congenital malformations other than NTDs (1/20 v. 1/30 postulated for the general population). When considering this finding, it is important to note that the actual background prevalence of birth defects is not known for this population and that data have been extrapolated from the literature from other populations. However, the findings of increased malformations in individuals with NTDs and in their siblings have relevance for the genetic counselling of, and the surveillance of pregnancies in, families affected by NTDs.
Study limitations
This retrospective study relied on the information (sometimes incomplete) available in the files of patients and was carried out on a relatively small sample several years ago, prior to the widespread implementation of dietary folate fortification. Further research would be worthwhile to determine the effects that this fortification has had on the occurrence and RRs for NTDs in the local population.
Conclusions
This study, as with studies performed in other populations, showed that RRs for NTDs tend to vary according to the population incidence of NTDs, with areas of lower incidence having lower rates of recurrence. [3] An RR for NTDs after one affected child of 2.28% (1/45) and of 4.16% (1/24) after two affected children was calculated for the population. Analysis of the sex ratios among those with NTDs showed that significantly more females (M:F ratio 0.82) were affected. Several recent studies have suggested an appreciable decline in the incidence of NTDs at birth. This decline may be attributable to various factors including the increased use of prenatal diagnosis and selective termination of affected pregnancies in many parts of the world, better education and perinatal care facilities in many populations, as well as the increasing introduction of dietary folic acid fortification. [4, 5, 29] It remains to be seen how occurrence and RRs of NTDs will change with the widespread fortification of food products with folic acid, with better education of mothers, and better antenatal healthcare services in our population. These findings have relevance to the counselling and care of family members of patients with NTDs.
Numerous risk factors have been documented in association with the occurrence of NTDs in various populations. This study showed that while maternal age was not a significant risk factor locally, maternal parity did play a role, with an increased risk documented in nulliparous and multiparous mothers. An increased occurrence of spontaneous abortions and unrelated congenital malformations were recorded in affected families.
NTDs remain a common cause of morbidity and mortality locally, and this study presents RRs and an understanding of the risk factors specific to the SA population, which will be useful in genetic counselling.
